A case of Cushing's syndrome associated with chronic respiratory failure is presented. Although arterial blood gas analysis showed severe metabolic alkalosis, hypoxemia and mild hypercapnia, the patient had no evidence of pulmonary disease or neuromuscular disorder. Voluntary hyperventilation and inhalation of 100% oxygen (O2) revealed normalized arterial oxygen tension (PaO2). Following the recovery from metabolic alkalosis by the treatment with potassium chloride, PaO2 was elevated and arterial carbon dioxide tension (PaCO2) was lowered. Therefore, it was strongly suggested that the main cause of chronic respiratory failure was compensatory alveolar hypoventilation as a response to metabolic alkalosis. (Internal Medicine 31: 385-390, 1992) 
Introduction
While pulmonary disease is the most frequent cause of chronic respiratory failure, diseases of other sites, such as motor neuron disease, liver cirrhosis or chronic me tabolic disorder may also result in respiratory failure. Herein, we describe a case of Cushing's syndrome as sociated with chronic respiratory failure due to severe metabolic alkalosis.
Case Report
A 58-year-old woman was admitted to Kurume University Hospital in November 1989. One month before admission, she became aware of general fatigue, thirst and facial edema in addition to a 2 year history of lumbago. She visited a hospital where she was diag nosed as having diabetes mellitus in association with hypokalemia and hypoxemia (arterial oxygen tension (PaO2) 49 Torr). Cushing's syndrome was thus suspected and she was referred to our university hospital for further examination. Physical examination revealed a moon face, obesity (height 153cm, body weight 65kg) with a protuberant abdomen, thin extremities and hirsutism. Blood pressure was 118/74mmHg, with a regular pulse rate of 72/min. and magnetic resonance imaging (MRI). Arterial blood gas analysis on October 5, 1989 at the previous hospital showed severe metabolic alkalosis, The results of blood gas analysis and blood chemistry repeated on admission to our hospital were similar to the previous results except for the normalized CPK value (Table 3) . Chest roentgenogram on admission was normal (Fig.  1) . Arterial blood gas analysis performed immediately after voluntary hyperventilation for three minutes revealed normalized PaO2 with a drop in PaCO2 and an Table 3 . Arterial Blood Gases, Electrolytes and CPK Levels elevation in pH. Inhalation of 100% O2 for 30 minutes resulted in an marked increase in PaO2 from 52 to 117 Torr (Table 4) . Regarding pulmonary function tests, there were no abnormalities except for a slight reduction in percent diffusing capacity (%DLco) (Table 5) . Furthermore, a ventilatory response test to carbon dioxide (CO2) was performed to examine the function of the respiratory center. As illustrated in Fig. 2 , although the patient responded well to CO2 inhalation, the gradient of the response curve was lower (1.07) than that of the normal control (1.91). There were no abnormalities suggestive of sleep apnea on polysomnograph. As illustrated in Fig. 3 , PaO2 was elevated from 50 to above 70 Torr and PaCO2 was lowered to below 40 Torr in the recovery from metabolic alkalosis by the treatment of intravenous infusion followed by oral administration of potassium chloride. However, inspite of oral trilostane, a 3/3 hydroxysteroid dehydrogenase inhibitor, the serum level of cortisol did not normalize and metabolic alkalosis remained. 
Discussion
The present case had severe metabolic alkalosis and hypokalemia which were induced by Cushing's syndrome. Although arterial blood gas analysis showed hypoxemia, she had neither physical nor roentgeno graphic evidence of obstructive or restrictive pulmonary disease. The normalization of PaO2 in response to vol untary hyperventilation and the results of pulmonary function tests provided additional evidence to exclude the presence of any significant pulmonary disease or neuromuscular disorder. The main cause of hypoxemia and mild hypercapnea in this patient could thus be suggested to be compensa tory alveolar hypoventilation as a response to metabolic alkalosis. The fact that correction of blood pH by the supply of potassium chloride resulted in normalization of PaO2 and PaCO2 clearly indicated that chronic res piratory failure in this case was due to long-existing severe metabolic alkalosis, and the slightly impaired CO2 response was considered to result from inhibition of the respiratory center, which led to the compensatory alveolar hypoventilation.
Some investigators have reported cases of severe hypoventilation accompanied by metabolic alkalosis (1-3). To our knowledge, however, there has been no report which discusses metabolic alkalosis due to Cushing's syndrome or other types of endocrinosis as sociated with chronic respiratory failure. The scheme of the chemical regulation of breathing in patients with metabolic alkalosis, proposed by Nunn (4) and modified by us, is shown in Fig. 4 . According to this scheme, in the acute stage of metabolic alkalosis the elevation of arterial blood pH initially leads to pulmonary hypoventilation caused by the suppression of medullary respiratory neurons through peripheral chemoreceptors. The elevation of PaCO2 as the result of CO2 retention then causes a drop in the pH of cerebrospinal fluid (CSF), which causes paradoxical hyperventilation. If metabolic alkalosis sustains further, an increase in bicar bonate (HCO3) and an elevation in CSF pH occur within several hours, and pulmonary hypoventilation is induced as a compensation to metabolic alkalosis. On the other hand, an increase in ventilation may occur through the stimulation of the peripheral chemoreceptors by hy poxemia due to hypoventilation. Regarding this point however, Fencl and colleagues (5) emphasize the im portance of the central chemoreceptor compared to the peripheral chemoreceptor. Moreover, the reason for the severe hypoxemia in contrast to the mild hypercapnea in this patient cannot be explained simply by alveolar hypoventilation alone. Brimioulle et al (6) investigated the changes in PaO2 in patients maintained on constant mechanical ventilation with metabolic alkalosis corrected by infusion of IN hydrochloric acid. In this clinical study, it was shown that after successful correction of metabolic alkalosis, the venous admixture (QS/QT) decreased, while PaO2 increased, reflecting an im provement in ventilation-perfusion relationships. In the present case, it is conceivable that the imbalanced ventilation-perfusion relationships were caused by the changes in the tonus of capillaries in the lungs due to chronic metabolic alkalosis. In addition to the above-mentioned causes of hy poxemia in this patient, the respiratory muscle injuries due to hypokalemia, as evidenced by the elevated level of CPK, might be a cause of hypoxemia. Moreover, obesity in this particular case might be added to the possible causes of hypoxemia because disorders of pul monary function have been shown in obese persons (7). In summary, it was strongly suggested that in this patient with Cushing's syndrome, hypersecretion of cortisol and the resulting hypokalemia led to chronic metabolic alkalosis followed by chronic respiratory failure caused mainly by compensatory hypoventilation and impairment in ventilation-perfusion relationships. The present case suggests the importance of the con sideration that metabolic alkalosis might be a possible cause of chronic respiratory failure.
